A cost-effective method for the biosynthesis of copper nanoparticles (Cu-NPLs) using Tilia extract under optimum conditions has been presented. The use of Tilia extracts for the synthesis of Cu-NPLs has been investigated for the first time. The Cu-NPLs are stable due to in situ bio-capping by the Tilia extract residues. Formation of metallic Cu was revealed by UV-vis and XRD analyses.
Introduction
The unique properties of nanoparticles have given progress to tremendous research activity directed toward nanoparticle preparation and applications [1, 2, 3, 4] . Copper nanoparticles (Cu-NPLs) have important applications in diverse fields such as catalysis [5, 6, 7] , water treatment [8] , information storage and solar cells [9] . CuNPLs in comparison with the bulk Cu are suitable materials for use in printed electronics and good substitutes for conductive ink to manufacture low-cost electronic components by ink-jet printing [10, 11] . In addition, copper plays a significant role in the advanced electronic circuit due to its admirable electrical conductivity and relatively low costs. Cu-NPLs have also been used as disinfectants due to their antibacterial properties [12] . Furthermore, Cu-NPLs are potentially applied in the pharmaceutical, health care and environmental health.
Different methodologies have been employed to fabricate the nanoparticle with controllable properties such as shape and size; these include vapor deposition [13] , electrochemical reduction [14] , thermal decomposition [12, 15] and chemical reduction of copper salts [16, 17, 18, 19] . Although numerous chemical methods have been used to produce Cu-NPLs, the use of toxic chemicals in the production of Cu-NPLs limits their pharmaceutical and medical applications [20] . Biosynthesis of pure and stable Cu-NPLs is a challenging task as they undergo rapid oxidation in air or aqueous media [21, 22] , even after preservation in an inert atmosphere e.g., Ar or N 2 .
The advancement of "green chemistry" approach over chemical and physical methods are easy to control of the reaction process, high production rate, costeffective and environmentally friendly whereas harmful chemicals, hightemperature, energy, and pressure are not required for the green synthesis [23, 24, 25] . Thus, the preparation of Cu-NPLs using plant extracts has attracted great attention because of the availability of biological entities, diversity and eco-friendly procedures [25, 26, 27] . Plant extracts contain natural compounds, e.g., alkaloids, flavonoids, steroids and other nutritional compounds [28] . In this way, the plant extracts can act as strong natural reducers and stabilizers. Although the biosynthesis of Cu-NPLs by plants has been reported, the potential of other plants for the green synthesis of Cu-NPLs is yet to be fully explored.
To the best of our knowledge, the use of Tilia extracts for the synthesis of Cu-NPLs has not been reported so far. Tilia plant extracts are rich in functional molecules such as flavonoids and phenolic compounds which have been regarded as powerful natural reducing and capping agents [29] . Hence, the basic principle of our method for the synthesis of Cu-NPLs is the reduction of copper ions by Tilia plant extracts. In this work, a fast and convenient method to produce non-oxidative Cu-NPLs by biologically reducing Cu ions with an aqueous extract of Tilia under optimum conditions is described. The properties of the Cu particles were characterized using different techniques (FTIR, UV-vis, XRD, SEM, and TEM). The antibacterial, antifungal and anticancer activities of the Cu-NPLs are also discussed.
Materials and methods

Chemicals
All the chemicals, used in this experiment, were analytical grade and used as purchased without further purification. Copper (II) sulfate pentahydrate salt, CuSO 4 $ 5H 2 O, of 99 % purity (Merck), was dissolved in deionized water.
Preparation of the aqueous Tilia extract
The fresh matured leaves of Tilia were collected and washed with deionized water. About 100 g of dried leaves were crushed and heated with 500 ml of deionized water. The mixture was heated to boiling for 5 h under a reflux system and reduced pressure in a rotary evaporator to produce a dark brown color extract. Then the mixture was cooled and centrifuged at 12000 rpm and filtered through Whatman No.1 filter paper. The produced filtrate was freshly used.
Synthesis and isolation of Cu-NPLs
In 500 ml beaker, the Tilia aqueous extract was added to copper sulfate pentahydrate solution (4:1 v/v) and the mixture was heated to 80 C with a continuous stirring for 25 min. The mixture was left in the dark for 24 h to settle. The mixture was purified by repeating centrifugation at 6000 rpm for 5 min (3 times) and then dispersed the buff precipitate with deionized water to remove any residual of the biological extract, then the buff precipitate was washed with ethanol several times. Finally, the precipitate was put it in an oven for 2 h for drying at 100 C.
2.4. Antitumor efficacy in vitro using cancer cell lines; Caco-2, HepG2, and Mcf-7 cells
Cell viability test (MTT assay)
Cell viability was determined using the MTT assay. MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) is a water-soluble tetrazolium salt converted to formazan (an insoluble purple color) by the cleavage of the tetrazolium ring through the succinate dehydrogenase within the mitochondria. Since the cell membranes are impermeable to the formazan product, the product accumulates in healthy cells. Formazan levels were quantified by measuring the absorbance at 560 nm using a microplate reader. The optical density of formazan formed in untreated control cells was taken as 100 % viability. The obtained optical densities from the treated wells were converted to a percentage of living cells against the control [30] . Different concentrations of Cu-NPLs were used (1000e1.95 mg/mL). For calculation of IC50, both viability % and toxicity % were determined.
Cell culture
The cell lines used in the present study were human colorectal adenocarcinoma of studies of the underlying molecular mechanisms for the anticancer activity and toxicology studies.
Determination of the antimicrobial activity of Cu-NPLs
The antimicrobial activity of the biosynthesized Cu-NPLs was determined by using the well diffusion method. The bacteria used for the antibacterial activity were Pseu- 5 The resistance was measured using a high resistance meter (Keithley, Model 6517B) with a range of 103e1013 U.
3. Results and discussion
FTIR study
The presence of active phenolic compounds like flavonoids in the Tilia extract before and after the bio-reduction process was identified by FTIR. The Tilia extract displays many absorption peaks, reflecting its complex nature [29] . On the one hand, the FTIR spectrum of aqueous extract of the Tilia ( Fig. 1; black By comparing the spectrum of Cu-NPLs with that of the Tilia extract, it was found that some peaks obtained from the plant extract have been repeated in the FTIR spectrum of Cu-NPLs with slight changes in the band positions as well as the intensities of the absorption. These results show that the as-synthesized Cu-NPLs are nonoxidative, pure and coated with Tilia extract components. . The FTIR spectra revealed the reducing, capping and stabilizing capacity of the plant extract. The spectra are offset for clarity.
Optical study
Initially, Cu-NPLs were confirmed by the change of color after addition of Tilia extract into the Cu 2þ solution due to the surface plasmon resonance (SPR) phenomenon. The free electrons or conduction electrons can couple with the visible light when the given plasmonic mode matches the energy of an incident photon. The blue color of the Cu 2þ solution changed to dark brown around 563nm (Fig. 2A) ;
the Cu 2þ has no such peak, indicating the formation of Cu 0 as characterized by the absorption spectroscopy.
Tunable SPR is important to find out the diverse applications of Cu-NPLs. UV-vis spectrum of Cu-NPLs suspension as the function of wavelength was recorded at room temperature in the range of 550e585 nm ( Fig. 2A) . Obviously, Cu (II) showed a broad band from 600 to 800 nm in the visible region, which disappeared by adding the Tilia extract. The spectrum also displays the SPR characteristic peak at 563 nm for metallic copper [34] . The broadness of the absorption band can be attributed to the polycrystalline nature of Cu nanoparticles as is clearly observed from XRD analysis. Thus, the Cu-NPLs obtained here are stable due to in situ bio-capping by the Tilia extract residue. The stability of the Cu-NPLs was checked at regular intervals (3 days) by observing the presence of the SPR peak in the optical spectrum. These
Cu-NPLs show an exceptional stability: they can be preserved for over a month without considerable oxidation and for this preservation purging of N 2 gas is unnecessary.
The dependence of the optical absorption coefficient (a) on photon energy helps to analyze the band structure and the type of transition of electrons. The absorption coefficient (a) at the corresponding wavelength l is calculated using the Beer-Lambert's relation (Eq. 1) [35] . Fig. 2 . UV-vis absorption spectrum of Cu-NPLs. Fig. 2A shows the SPR peak at 563nm. B Plot of (ahn) 1/2 vs photon energy; the bandgap of as synthesized Cu-NPLs is determined from the intercept of the straight line at a ¼ 0, which is found to be 2.1 eV. Cu-NPLs were dissolved in DMF and DMF was used as a reference.
where d is the thickness (in cm) of the sample, and T is the transmitted intensity. The bandgap energy of the synthesized Cu nanoparticles was determined using the Tauc relation (Eq. 2).
where hn is the photon energy, m is assumed values of 1/2 and 2 for direct and indirect transitions respectively. A o is an energy independent constant having values between 1 Â 10 5 and 1 Â 10 6 (cm. eV) À1 [36, 37] . The value of the energy bandgap (E g ¼ 2.1 eV) was calculated by extrapolating the linear portion of the plot of (ahn) 1/2 vs. hn (Fig. 2B) .
Furthermore, copper exhibits visible photoluminescence due to its surface-enhanced optical phenomenon and the sp-conduction band to d-band transition [38] . The electronic structure of copper explains the photoluminescence behavior where 3d valence and 4sp conduction electrons play a significant role for the photoluminescence. The recombination of the electron-hole pair between d-band and sp-conduction band followed by initial electronic relaxation is responsible for this photoluminescence behavior. The photoluminescence spectrum of as-prepared CuNPLs ( Fig. 3 ) exhibits an excited peak at 562 nm (2.1 eV). The excitation spectrum was found to match with l max of the reaction medium (SPR at 563 nm). Due to the possibility that the reduction of the Cu 2þ can produce the preferential formation of copper oxide over Cu 0 , X-ray diffraction has been carried out to confirm the chemical identity of the biosynthesized Cu-NPLs. Fig. 3 . The photoluminescence spectrum of as-prepared Cu-NPLs exhibits an excited peak at 562 nm.
X-ray diffraction
XRD analysis is a very useful tool in identifying the structure of the metallic nanopowders. The XRD pattern was scanned for the scanning angle of 20e80 . The crystalline nature of Cu-NPLs was confirmed by the peaks obtained in XRD diffraction pattern. Diffraction lines of Cu-NPLs are very sharp (Fig. 4) ions resulting in the production of metallic copper. Due to XRD measurement limitations, TEM and SEM were utilized to obtain more information about the shape, and size of the as-prepared Cu-NPLs.
Size and morphology analyses (TEM and SEM)
Through transmission electron microscopy (TEM), it was easy to observe the shape and particle size of Cu-NPLs. The obtained Cu particles exhibited spherical morphology with different particle diameters ranged from 4.7 to 17.4 nm (Fig. 5) ;
TEM micrographs show nanoparticles with spherical and semispherical forms with well-dispersed regions and others with agglomeration. Moreover, the TEM Scanning electron microscopy (SEM) provided further insight into the surface morphology of the Cu-NPLs. The typical SEM images reveal that the product mainly consists of particle-like Cu-NPLs crowded together to look like collective cauliflower (Fig. 6A ). Further observations with higher magnification reveal that these crowded Cu-NPLs are groups of smaller nanocubes which exhibit shapedcubic structures with good uniformity (Fig. 6B) . 
Electrical conductivity measurement
The electrical conductivity of the Cu-NPLs samples in the temperature range 40e320K was determined; following the Arrhenius model [41] . Arrhenius plot of log(s) vs 1/T, where s is the electrical conductivity and T is temperature (K), has been shown in Fig. 7 . The slope gives information about activation energy. The Cu-NPLs exhibit high electrical conductivity value (1.04 Â 10 À6 S cm -1 ) at T ¼ 120 K. The variation of electrical conductivity with temperature was investigated and it indicated the semiconducting nature of the Cu-NPLs with an activation energy ¼ 0.3 eV in the experimental temperature range. This proves that Cu-NPLs are highly electrically conducting material. Such highly conductive Cu-NPLs may have applications in electronic and energy storage applications.
Anticancer activity
The main aim of chemotherapy is to remove specifically cancerous cells. Most of the chemotherapeutic agents act non-specifically and hence harming both normal and cancer cells. It was reported that compounds of natural origin have been the main source for the treatment of many forms of cancer and has become an attractive source of new therapeutic agents that can be used for the management of cancer [42] . CuNPLs are developing more important roles as therapeutic agents for cancers with the improvement of eco-friendly synthesis methods [43] . The present in-vitro study also shows the anti-tumor efficacy of Cu-NPLs on human colon cancer Caco-2 cells, human hepatic cancer HepG2 cells and human breast cancer Mcf-7 cells. Cytotoxicity in vitro studies of Cu-NPLs was carried out on Caco2, HepG-2, and (Fig. 8) . 
Antimicrobial activity
Nanoparticles have the properties of high surface/volume ratio, small size and high dispersion, which allow them to interact with microbial surfaces. The large surface area of the Cu-NPLs enhances their interaction with the microbes to carry out broadspectrum antimicrobial activities [44] . However, the few reports on antimicrobial is represented with zones of inhibition (Fig. 9) . The values of the zone of inhibition are depicted in Fig. 10 .
All Gram-negative & Gram-positive bacteria show good sensitivity towards the green synthesized Cu-NPLs over the concentration range (25e200 mg/mL). In the case of negative control, the absence of a clear zone indicated that both DMSO and the aqueous liquid extract of Tilia had no antibacterial or antifungal effect. Fig. 9 shows that as the concentration of the Cu-NPLs (A ¼ 25, B ¼ 50, C ¼ 100, and D ¼ 200 mg/mL) increases, the antibacterial activity also increases. This proves the direct proportionality between the concentration and antibacterial activity as well. Zhang et al previously showed that aqueous extract of Thalia roots can significantly inhibit the growth of Aphanizomenon Flos-aquae and Microcystis. aeruginosa [46] .
In a similar manner, antifungal activity was observed toward Candida albicans (Fig. 9E) . In case of standard positive control; Cefepime hydrochloride monohydrate L-arginine, antifungal standard Fluconazole and suspension of biosynthesized CuNPLs exhibited a clear zone (Fig. 11) .
The appearance of a clear zone (or inhabitation zone) proved that there was no growth of bacteria or fungi on the plate at these places. This shows the mechanism of interaction of biosynthesized Cu-NPLs which can be due to the smaller particle size/high surface area of Cu-NPLs which adsorbed on the surface of the microorganism's cell wall. This led to the destruction and disruption of cell wall killing the human pathogens by their resistance effect property of biosynthesized Cu-NPLs against these types of micro-organisms. The efficacy of biosynthesized Cu-NPLs as an antimicrobial was determined by the diameter of the clear zone; by increasing the diameter the efficacy increases (Fig. 12) . Cu-NPLs (100 mg/ml) and (4) antibacterial Cefipime (Fig. 11AeD) and antifungaleFluconazole (Fig. 11E) . Fig. 12 . Antibacterial activity of Cu-NPLs suspension (100 mg/ml) against Bacillus, S. aureus, E. coli, and P. aeruginosa and antibacterial Cefipime (150 mg/ml) suggesting that the Cu-NPLs are effective antibacterial and antibiotic agents.
Finally, the antimicrobial studies indicated that the use of Cu-NPLs can be pursued as an alternative strategy to antibiotics for reducing bacterial adhesion. Compared with the drug Cefipime (150mg), it was evident that of Cu-NPLs (100 mg) is much more effective against Bacillus, S. aureus, E. coli, and P. aeruginosa. Zones of inhibition of Cefipime were 18, 12, 7 and 8 mm, respectively (Fig. 12) . The Cu-NPLs showed an effective broad-spectrum antibacterial activity. Further, the Cu-NPLs at 100 mg, produced a higher antimicrobial effect (14 mm) than the Fluconazole (75 mg/mL) in the inhibition of the growth of B. subtilis (9mm).
Conclusions
Convenient and eco-friendly method for the preparation of Cu-NPLs using biologically reducing CuSO 4 .5H 2 O with an aqueous Tilia extract was developed. The use of Tilia extracts for the synthesis of Cu-NPLs was investigated for the first time. Tilia extracts function as an excellent reducing and capping agent. The green-synthesized Cu-NPLs were characterized using FTIR, UV-vis, PL, XRD, TEM and SEM techniques. Formation of Cu-NPLs was indicated by changes in the color of the solution from blue to brown due to the excitation of surface plasmon vibration. UV-vis of CuNPLs showed an SPR characteristic peak at 563 nm (energy bandgap ¼ 2.1 eV). The photoluminescence spectrum of Cu-NPLs exhibited an excited peak at 562 nm.
XRD confirmed the crystalline character of Cu-NPLs. The electrical conductivity of the Cu-NPLs was 1.04 Â 10 À6 S cm -1 (at 120 K). The prepared Cu-NPLs were predominantly spherical in nature with an average particle size of 4.7e17.4 nm. Furthermore, the Cu-NPLs exhibited effective antibacterial and antifungal activities against Bacillus, S. aureus, E. coli, P. aeruginosa, and Candida albicans respectively. In vitro cytotoxic activity studies were done on Caco-2, HepG2 and Mcf-7 cells using MTT assay. Based on the antitumor efficacy, the results showed that Cu-NPLs have a potent cytotoxic activity against Caco-2, HepG2, and Mcf-7 cells. The results suggested that biosynthesized Cu-NPLs that utilize extracts of Tilia are a promising nanomaterial in electronic devices and they may be used for the therapeutic applications of ailments such as cancer.
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